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Absiract:

\l’{’ Iq )oIt 1 lIC disco~wy tlIat tlIc ])lell)ai]l  S(Y]IICJ ICC sta I }! ’alkcr 131 ill t lIc j’oulI~,

duster NGC  2264  is a doul.)lc-li]]cd s])cctlosco])i[ l)i]]arj’. IIotll  coll]])ol]m]tS arc (; stars  Ivitll

st,loll~,  ],i I (i70s A al)sorl)tio]) ]il)cs. ‘J’wY>IItj’ radial vc]ocity  ]l](asl]lc]]]e]lts  l)avc l)cmt USK1

to dctwni]lc  tltc orbital  Clc]]m)ts of this systmt]. ‘[111(’ Orl)i( IIas a ])cl’iocl  of 6,3,532:1 ().()()12

clays aIId is ciIcula  I within  tllc lill)its of our velocity msolutiol]; c < 0.01. ‘J’IJc total  s)’stc]l]

]I]a.ss is Msi]l:~i  =- 3.16 Mc) ]vitl] a II)ass ratio  o f  1 . 0 4 .  l’;sti]l)atlcs  for Ll)c orbit  i]lc]i]latio]l

angle a]ld Stldlm  radii ])lace tl]e syston  IIear flIc tllrmllold  for ccli]m olmn’al)ility;  II OJY(WCJ’)

IIc) d(ncasc ill lbrigl  Itl Icss was  scm] duri]lg two attcvn])ts at ])llotc)lmtric lnol)itori]]g.  ‘J’l]c

circular  orl.)ii  of W] 34 fills al I iII)])ortaI1t ga]) iIl tl)e ])criod distril)utio)) of ]Jrc-lllaill SCX]UCIICC

l.)illarics alId tl]crcl)y constrains  tllc drcctil’cllcss  of {Jidal  orl~ital cilclllalizatic))l  (Iulillg  t,])c

])rc-lna]ll scquculc,c.

.



1 $ IIl{roduction

:4s 111(’ IIigll-l’c!soll  llioll” S])(’ctl’al  (Ialalmsc fol low’ IIlass ]W-lllaill  S(’qucllw s t a r s  h a s

(’xpall(l(d  ;11 tllc ])ast decade, tllc 11111111)(7’ of klloM’Jl  ]H’c’-lllaill S(’qllol(’c (1’ MS) s]) Cctro-

sco])ic lli IIa Iics lIas skadily  grolYII. l’Wi ‘J’auri w a s  tl]c first to IIaw a ])ul)lislld  o]l)jt

clet[:I1llil)atic)Il  (M UIICI( (i {Il. 1983). l)y 1988,  tlIIw doul)lelilled  s])cctrosc.o])i( l)h4S l)illa-

Iim JVCW l{ IIOWII (Marscl]al] alId Matlliw  1988).  ‘I’l Ie IIIOSt rmwIt tall~’  (h!latlIi(w 1992a)

l)ri]]gs tl)c JIu]nl.m of silIgle alId doul.)lc-lillc(]  l)il!l  S l)i IIaIics 10 20, illcludi~lg tl)c tumult

study. II OM7CWT, tlIc II UIIIlm of sltort-]miod  I’MS l~iIIaJiCS ml]ai]ls  sIIIall, ~vitll  oIIly SCWCIJ

1{1 IowII to IIavc })miods of lms tl]ali tCII d a y s . ‘~’l Icsc you IIg slIoIt-])miocl l~illarim  arc alI

ill)~m’tallt  obscrvatiolla]  Collst?aillt  01) tllcorics o f  tidal  orl)ital (ilclll?ilizatic)ll  (Matllicu

a]id Mad] 1 988; ‘1’assou] 1988;  7Jallll 1989; 7Ja111]  and lk)uc.llct,  1 989; Gold InaIl al]d Mazel I

1991 ; Matllicw c1 d. 1992). At i ssue  i s  tllc qumtioIl of to wl]at mknt do tlIe ]) IWCCSSCX

of  tidal  circw]arizaficn]  o])eratc  duril)g tlIc: ])relnaill  squmm ])l)asc of skllar  cwc)lutioIl  for

low lnass billarics. Zalll] and l~ouclld  (1 989) ]lave asscutcxl t IIat ticlal cilclllalizatic)ll oc-

curs ])lcclolllil]zll]tly during  tlIc ])relnail]  SqUCIICC ])llasc for stars  witjh ])eriods  u]) to al)out

ciglli days. ‘-1’lIus, ammding  to their  tllmry ,  zmo-agc II]aill  SCCIUCIICC  (7, AMS) low Inass

I)illarics wit]] ])mioc]s  lms t,l]a]l c:igllt  days sl]oulcl IIaw  circular  orbits. l’rior to tllc cwrmlt

,stlud,y, tllc t,idal circllla]’i7,at,ic)]i  cutoff” for solar- tly})~ l)rel)laill  SM]UCIICC stars (dCfiI}d  as

[IIIC loIIgcst,  }Jmiod  circular  orbit;  Matllicm cf 01. 1 992) was set at 4.25 clays l)y tlIC l.)illary

oli15(i9 (hlatllim 1992a).  llowc~wr, until IIOM’ IIICW: lIas l)wlI a ga]) ill tile ])miods of tile

kIIOWII  l’h4S I)illarim bCtWCKII  4.25 days (circ.u]ar  orljit)  aIIcl 7.46 days (01/1429  - wcm Itric.

~:)rl}it;  N4atfllicxl  ] 992a), wit]] tlIC Cxc.q)tio]l  of tl]c ])ossil)lc  l’h4S wli])si]]g biIla]y l<; l< Cc])

(c= 0.1 I; period 4.4 days; ‘1’olnkill  1983).

l’re]]lai]l  scqu(I]cc s])wtrosco])ic  I)i]]arim a l s o  })ro~’idc co]lstrai]]tls  011 tllc dj’lJallli-

cal lIIass r a t i o s  ill their  syste]l]s, ])ro~idi]]g a CIIWJ; OII t]){:  accuIa(~J  of tl]wretical l’h4S
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(\(J][Iti(JII:iI)  t]ii(]is  [(~(1]1~’11  ;III(] ]iu]]i 197{), N4~Izzit(lli  (i (//. 1 9  S9,). ll[j]~[’1’(]. 0111~ tlI(

doul)lC-lilId  sys tc’ i l l s  rlIal)lC tlIc’  CIc’tc’llllill;ltioll  of tlIC colII])olIclIt”  lIIass ratios.  ll)clud ilip,

tll[’])rcw’llt slll(lJ,tl  ]cI(; ilclic)lv(ig,llt  Iillo\f”ll  doul)le-lilld  l’h4S l)illariw (N’latl]im  lf)92a).

l{wmIt data sqqgmts  tl]at tltc d~’]lal]]ical  lIIass ]atios  d e r i v e d  a$,rcc  \vcll  \vitl I IIIC ])liIcc-

]]wl]t iII l)IVIS t<lac.ks (lJce 1992),  l)ut tllc il]clil]atioll  u]lccrlaillty  ])m’e]]ts  (I(:tc]]l]i]l;itic)]l

of tllc al)solulc  IIlass[!s. l;cli])sillg  l)il]arjm ]) Iovidc tl)c IIIOSt awLIIatc stdlar l)aIaIIIclcIs:

IImwn’m, only (Illc l’rlativ[!l-y “old!’ I’N4S w]i])sil]g I.)jllary (}tli (kq)llei)  iS lillo\YIl (’J’Ol]llii  Il

1983:  hill aIId ltl.)1.JilIglIaLIseII 1984; l’o])]m  19 S’7). ‘J1lI(’  mistellcc  of all Cxtml”l(’ly  J’OUIIF,

l)h4Secli])sillg,  systCIll (af,e Nl()6)ls)m(  )llld])lc)l'i(lell-l  tiss(:sal]cllacl  ii lllat  could crit ically

t’(xt tll(’ assullq)tiolls of Cul’1’(’llt 1’MS St’cllal’  1110( 1(’1s.

IIltllis ])a]){nl,l  velc:])c)lt  tllecliscc)I'eIJtll  attltc] )l(-ll)aiIl  s(:c]llc 11c.estzil\lT2  ]lkell34 (also

l{ IIOWII asvs]; ‘w; \7=- 12.38; II-v= 0.84), l[)cat(xl at c1 =--(i’’ 314’’  14.0(is, A = +09 °58’1 2 .3”

(1 950) (0, 95” ]]c)rt}l of S h4011  iII tlIC you~]g dustm NT(;  C 2264), is a cloul.)le-lilld  sl)cc.trc)-

sco])ic bil]ary wit,]] aII circ. u]al orbit, of ]Jcriod 6.35 days. ‘1’IIC I)il]ality of this systelII  l~as

sel’cllcli])it,{)us]}~  disco~’cwd  ill tlIe course of a IIig}l  s])wt, ra] rmoluticnl  stuc]y of al.)ul Iclal  IcCs

ill low Imss ])rc-lnaill scqumlcc  stars  ill SCVCIZI 1 star forlllatioll Icgiolls  (1’adgdt  1991).

\Y134  wasfirst  mtalogcxl by \4TalliC1’  (1956)  i]) a laI)dlnark  stdlar  ]q)ulatiwl  stu[]y of tll(’

~OUIIgO])CII  c]u~tcr NGC 2264. III a study  of tlle])m])m lnotic)l]s  of N(; C 2264,  \~asil[:~sliis

[:t al. (IW5) pjvc a 96(%  C.OIIfid CIICC  mtil]]atc  for W]34’s  IImlll.xrslli])  ill tllc duskr. A

s])mt,ra] C]assificat,  iol] of G5 \r 11’as ddcqIllilld  by }’oul Ig; ( 1 9 7 8 ) .  ()])tlica] ])l)otol)ldr]’ of

\4~]34 is]~])()~t~[ll~ }\4~alli~](](~[  )(i), N4~l)~l~~aa]l(l  (~c)ll]cz (1{)80), Sagala11clJcJslli  (1983),

and l“eldbmggc aIId VaII (;mId CICII ( 1 9 9 1 ) .  lksd olI tile diflmillg  \r IIlaglljtudm  foultd  ill

tl]cscst~lclics(AII1l/ =().3), Sa~,:~lz  lllclJc)sl)is  llg~,cstt,  llat\l~ 134 isa lo~~’alr)])litll(l{:  ~’aliiil)lc.

JIIK  ])]lot0111etlyof\4~134° llzisl.)ccll  (] f) Ilel)y  Stlc)lIlallcl  ]Ii]]mll)ralld (1993); t]lqfiIldJ  =

10.63 :1 0 . 0 1 ,  1 1  = 10.08 :1 ().02, aIId K : 9,81 :1 0 . 0 3 .  l:il)ally,  this ol)jmt  is a ])ossil)lc

candidate  i[l(~l]tifi(.atic)]l  for tile 60 //111 II{AS SOIII(C 1’S(1 06384+ 0958.
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I I I  tlIc fcJlloJYiIIg vw dctcr]]]i]]c t]Ic c)rl}ital  aIId ])llysical  ]MIaIIIctms of tlIc \4’134 lji-

IIaI~’ s>’stcl]). II I  sec.tio]i  111.1, tl]corl)it solutiolI,  lIlass latio, alId J4 sill:’i are dclcIIllil)d

flolll  tlYI’lltJ’ lli~.ll- ICs(jllltic)ll  s])wtral  ol)scrlatiol]s. ‘1’IIc cffccl ivc lcIII]Jmdt UW. rat io of COIII-

l)oII(IIt al)sor])tioIJ  lil)c stIc!lIgtlIs, aIId litlliu]]] al IuIIda IIccs arc dcIivci fIOl II tlIc s]jwtral

datalmsc  iII ScctiolI 111.2. WC discuss tl]c status  of tlIis syskIII  as a ]Jre-ll)aill SCK]UCIICC  l)i -

IIa Ij’ iII swtiol]  l\~.1, alId {l IecoIll])c)  lIel Its?llc])l:Ic(’(1 oIl tlIe 111{ diagral II llsillgtllea~’ail:il)le

])llotollldl’j’  ;1) :IV.2. ‘1’l)c])c)ssil)ilit~’  tlIat tlIe systcIII is al I Ccli])sil]g I)illaly  is evaluak]  iII

]\~.3. ]+’iIIa]ly, MIC cx])]ore llIe iIII])ortzIIIcr ofilIis discow:ry  ilI tlIC coIItext  o f  Ijillary  tidal

(:ilc~ll?ilizatic)ll  llIcwIy ill Scxtioll  lV.4.

11. Obsmnwtiol~s  & Analysis

‘J’CII s])cc.tra of W ]  34 wcTc ol.)taillcxl using tlIc cdIdlc  s]mdrogra])lI  mI tlIC l’aloIIIar

1 .51rI tdesccqm ovm four sqmratc olmrviIlg rulIs duriIlg tlIC ]mriocl  1988 NovCIII1.m  to 1989

JaIIuary.  ‘J’llis il]stru~mnt  (Mc Cartl]y  1988) uses aII ul]t}lilllld  ‘J’] 800 x 800 CC]) cldcxtor;

wi{]l  a ] .4” CIIiraIl  CC slit, t]IC cffdivc s])cctra] rmso]utioll l{= 20,000  o~’m t]le W? IIrC!]OIF;t]l

ral Igc 4000-8500” A. Multi])]c  flat fidds  ulm takcll  using aII il)tmlal cc)lltiIluuIn 121111]), alIcl

avaagcxl  to a sillglc flat f o r  cmdI IIig}lt. (hI tl)c daks of tlIcm Okrvatiolls  a tlloriul)l-

aIgOII arc sourcm w a s  IIot yci illkrllally i]lstallccl,  rquiril)g  tJIIatl tlIc altirc illstru]]mltl  bc

rcv IIc)vd for m] i bra tiol  I. 1“01 th is  rCYISOII wavdmgtl]  mlihrat)ic)lls  wcw ])ctrfcmmcl  cHIly at

tljc l)q;iI)l)iIlg ant] Clld of cad]  1“111]. ‘J’lIcw two c.alibratiolls  wcw cmllsistmlt,  to witllil]  0.2

A. l’k]msurr  til[ws of 3(;00 scw)IIds ])roduccc] W] 34  spcxtra  wit]] a sigIial-to-lloise ratio c)f

50- 60 ill tllc cwlltilluuIn.

l’;lc\’e]I  adilitlio])a] S])w.tra of W] 34 were ol)tai])d  olI cn])sccuti~’c ]Iigl]ts dllri]lg tl)c

])eriod 1989 22 l~cl)rua]y  - 0 4  Mal’c]l  llsiIlg tllc WI](:IIC  S}xxlrogl’a])ll 011 tl)c 2.511) l)ll])wlt

‘J’cl[wcqw at !]1(’ ],a.S &llll])~ll~S ()])scl’vdtc)ly. ‘J’llis illstrulllcllt  USC’S a “2- 1) l“rutti’) ])l}otol]

.



‘1’IIc raw SIKXIIa  w e r e  ])roccsscd w i t  II tile WIIC1lC  rcxluctio]l  routillm  ill tlIC l“i,qa7v

soft~varc C] l\’iro:L]  I rlmlt. Curvature ill tile raw ordms \vas mnow d wit]] tlI(: sdisl mlltil]c.

‘1’llis  “S distortion” was fairly stable  ill tlIC l’alol IIal data, I)ut ill tlIe IJas (~am]mlIas s}wctl.a

it variccl CIIOUglI to mquim  illdi\’idual  fits to tile curvature of CaCII s] KKtIuIn. ‘J1l Ie dlf?uc~

routli]lc  was tJIcm uscc] to sul)tlac.  t sc.attcmcl ligl]t alId rcduw Cacll of tlIc forty  ordws h a

sillglr row! of da (a. Next tlIcJ arc s])cxha WCIC wavclmlgtl]-fit  kxl l)y tlIC CCIIOW mutil)e  usiIIg

a table of 1200 (1’11-Ar  lillm aIIcl il)tmac.tive  idcl]tificatio)ls of sclmtcxl  lil)cs, ‘J’IIc wavelmlgtl]

fit w a s  quik  Sta])]c!  ill t]lc l’a]omar  data, but, ])1’ovM]  to ])c Sollww’]lat  l’ariab]c  jll t]le ],as

Caln]ml)as slKxtIa. ‘J’lIc~  aIC fits WCIC a])])licxl to tl]c s])wtra  of W] 34 using tllc ccllxwhin

10 LltillC ‘J’IIc fitla]  stqs o f  wntilmu]n  llolll]a]iza{ioII°  and cquiva]mlt  widt]l IIICa.SIII’CIII  CIIt

WCIC  dOIIC llsiljg tlIC NOA()  II{A 1’ o?lcds}m rc)utillm co?(iinvvm  and SIJ1OI.

Cross com:latio]ls  of tlIC 1988 NovcIIIlxsr  al]d .1 a]luary  5, 1989 l’alolllar  \Vl 34 (Iatla

were  ])donncd  using tllc 1{0 star 111{ 1136 as a tml}])late for six CCIICIIC  ordms  froln 5800

to 6 7 0 0  A  cxcllldillg  ilIC  oIdcIs col)taillillg  IIcY, [() 1] (i30() ~, iIIId tllc Na 1) lil)m. ‘J’IIC

IIcliowltric  radial vc:locit~  of 111{ 1136 was a])])roxilllat  fly detmlnillml hy clc)ss-(olleli]tiol]”

of its S])(l’tl’ulll  wit!]) a S])ectl’ulll  of 111’ ‘1’au (\~, = 1 [).8 4 I .() 1{111 s- ] lleli  Ocel)tric;  IIartlllallll

d 01. 1 986). ‘IIIIC rmultillg  radial Iclocity  for 111{ 1136 is -7 II 3 I; III s- ] , wllicll agrws
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\\ ’illl 111(’ \’alll(’  of-(; Ii Ill S- ] ill 111(’ lh’i~,lll  Stal Catak)p,  m’. lil)folfll  l); it, (]j~ljol:\(]j;l]”  l(,]()(j(~

Slalldal’ds  1! ’( ’1”(’ ol)s(’l”v(’d  di l l ’ i l lg  tll[’  l’alolllal [)1 Js(T\’iI)g, 1’1111s  011 1)[’CC’IIIIJ(’I’ 22, 1988 a n d

JiIIIua I\’ 20, 2?2, ?J, 1989. 11’01 tlIcs(’ ol)s(m’atioIIs sq)aratioll  l’(lo(itirs  OIIIJ’ lvcr( ol)taiTI(d

(lll~lli~(l  M’it]l dll 1,;11 ‘I’tll)lC  l). ‘I)IIC l,tiS {:alll]JaIldSddta  lVCI’C’ CI’OSS-C  OI’1”(’l/ltC’{1” w;t]] tll(’

\l’(’iili-lill(’  K2 ‘J’ ‘J TaUI’; Stal’ KM Orio]lis. ‘J’lIc radial wlwity Of KM OIi Iras ddcnl)il)cd

\’ia a (lc)ss-c{)llcl:i{ic)ll  Of its sl)wtlulll  Ivitll  1)1270 (1’, = 26.1 kln s-” ] ; J1artl I-Ia III I (t 01 .

1986); U’C’  fil)d l’, (l{hl ori) : 22.7 :1 2 IiIll S-  ‘ , l~l)i(:ll  is col)sistcllt  \! ’itli its liill(’Ill:lti  C

ltl[~llll){~lsliip  of tlIc Oric)l)  association, IJol all tlIc ol)s(malic)lls, Sc])arate Clc)ss-(c)llc:l;  iti[)lls

were ])crfonmd  for UICII of tllc six ccl Icll(’ or(lcrs. ‘J’lle])cak c(’Ittcls\v eIcclctclll)illecl  US; II$,

tlIc ll{AII’ ])rograIIn  fTco7 \vitl)  ty])ic.al  mroIs  of 4 IiIII s- 1 ilI tllc (Clltcvil]g rollti]lc. ‘J’IIcw

re]ative]y ]arge CI’’mIs  rc%u]t  fro]]] I]IC s]n’ira] ty]w Illislllatc]l  of t}]c!  l)iIIa Iy aIId tC:III})]at[s

s])rctra,  as lt’cll as tlIe olIly lIIodmate  S /N  ill tlIc \17134  s?)w.tra. ‘J’l Ie staIIdaId  (I(:v;atio]l

o f  tlJc II IW311 c.mII])OIIcl If velwiticx  owl tll(: s i x  mlIcJIC  orders wIs ado])tml  as tllc radial

vc]ocity  ullccrtaill{y. ‘1’lIcdcl)lmId routiIIe witllill  ,fxcor  wasuscd to scl)aIatctlIt:l.Jl(IIclccl

Colll])ollellts  WIIC]l  ill~ sc]mratioll l’cloc.itim W(’IC 1(’ss tllall 50 I i  I l l  S  .-1 ‘J’IIC 111~~11  ]) C!Zili

])ositjioIls  ()]’cr  t,lIc s ix  or(lcrs  w e r e  tllcvl  ado])t)d  as tllc  c.OIII])olIclIt”  v e l o c i t i e s  JVitl] rcs])cd

to Illctcll)])latcc)  l.)jcctls.  ~;c)llcctic)llsf[)l  lkiltlI orl)ita]  li)otioll  aIId  tllc  tml)])latc  stalradia]

v e l o c i t y  wcrea])])licd  to tlIcfilIal  rcsLllts  listed  i]) ‘~’al)lc  1 .

‘J’IIc radial  vclc)city data  WCIC  allalyzcd fo r  aII or})it solution using tlIc ])rograIII  1 “ 1 -

‘1’01{1) wl)ic.11 was writtlml s])ecific.al]y  for this ])rc)jwt. 1“1’J’01{1]  })mforlns a IIoll-lillcar

Imstl-squaws  fit to tllc radial lelocity  mlllatioll

,.
[12
.:- “(’s]’” (wow-l [.os(1)-{ w))-{ V.v.q
(It ( ] .  ,,2)1/2

(1)

(’1’afl, q. 1 3.4), wl,crc n is tl,c lIIcal) II)oiio,l, a tl)cscllli-l)l;ljc)l  axis, i tllcorl)  ital illclil)aijioll

10 tlI(J lillc of siglll, c tl)c c((oltric. ity, w tl)e argull){,llt  of ])(~lia])s(’, 1) tllc’ trll(’ a?lml”laly,  all[l

l~qvs is tl)cs}’stclnic  ve]ocityof  tl)el)il)ar). ‘1’llclc’lt~tiollslli])  l)c,t~vc(:l]  l) aII(l tllc ti]ll(>of all

.



111. lksu]lfs

a. IIynamica]  l’ropertics

Orbit Inodd  fits wmc ])mforlnml using tl)c I adial Idocity  data  f o r  mCII c.olnl)ollcllt

(of \Vl 34 al]d fol tlIC sq)aratioll  v e l o c i t y . l)UC to ullcmtailtty  ill our al)soluk  vcloc.ity

~CalibIat,ioll,  t,]Ic scq)aration  vcloc.ity solutlioll  ])rol’wl to lJC bc:ttcr (ill t)llc c.l]isquamd  sCIlsC)

tlIalI eitllm  of tlIC individual c.ollll)ollmlt fits. \VC tllmcfom  ado])tcxl valucw for tlIC ])criod

(1’ =- 2n /,/), c, U, al,d !/j, gi,c:]) l,y tllc sq,aratio]l  solutio,] aIld fixd tl)cxc valIIcss  i]) a

:resolutiol)  of tl)e illdi~ridual  stellar  orl)its. ‘J’IIc illdividua] col II])ol IcIIt vc]ocity  data tjl]cu]

yiddcx]  tlIC IIIaSS ratio  and systmnic velocity of \Yl 34. ‘J’llc overall solutioIl  givm a very

sIIIall Ccxrlltl’icitly  (c = 0.()()04 :t ().()()7) and coil’(’s])ollclillgly large ullcmtai]ltim  ill tl}c I’alum

for w and Y;,. l;or cx)ln])ariso]l  IVc tllml fit tlIe data  wif II a z[:ro rccmltjricity  lllodel.  \47CI fou]}d

IIO sig;llificallt  difl’erm]cc  (i]] tlIc cllisquarml  SCSIIS(,)  l)et\veelI  tllc c i r c u l a r  orl)it solutio]l  aIId

“Illc ori$;i])al  solutio]]  Jvl Icrc f ~vas ]m]llit  tcd 10 t’i]](l  its ()])ti]l][]]]l  l’all]c’. ‘i’lIlls M’(’ (’O1lCIU(l[’
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‘1’llc radial  vclocit~’  data  ])oil)ts am ]jlot ted ill l’i~,urc  1  almIg }Vitl] tlIe ado])td orl)it

solution. ‘1’lIesc  ]’alum mII also lw fou IId i]] ‘1’al)lc 1 . l’hors ill tlIe a})so]ute vclocit~

calil)rdtioll  aIe m’idm]t ill tl]c illdil’iclual col II]wIIc IIt jits: t II( okrv(d  vc:]ocit  im of l.wt II

mIII}m  IICIIlS a])]mII systel)lalic.  ally ofl’sd f’ImIl tlIc orbital solutiol]  at ])1 Iasw5 of 0.288,  O.I’1 8.

aIId ().792. I1ONWCI, tlIC fact tlIat  tlImw III](:(’ ])oillts arc IIOt discIq)aIIt  ill tlIC circular  or})it

sc])aratioll vdocity  fit slIows IIllat tlIc rdatil’c vdocity Ca]il)ratioll  is rmso]]al)ly  gooc].  ‘1’llis

justifies our  usc of oltly  tile sq)aratiol)  vclociiy data i)] ouI [Ictc]l]lillatioll  of tl~e l)cric)d  and

mm I tri city. Nok that tl]e s~’stmnic  l’do[ity we ddmlllil)e  for W 1 3 4  (25.8 + 1 .() liln s- ]

IIdiomltric)  agrees fairly well Ivitll  tl]c systc]]]ic.  v e l o c i t y  o f  NGC ‘2264 (21 3 5 kIII s-  1 )

ddmlnilld  by 11’cnw (1 9 9 1 ) .

b .  l’hysical l’roperties

l’;ffcc.tivc  t{~l~ll~e]at~llcs  WCIC ddmlnilld  for {he  coIIII)oIIcl  Its o f  this I)illary by using

s})ect,msc.ol)ic  ]il)e ratios c.a]il>].atlcxl  against  s])cwtral stal]dards  of kllowIl tclll]]clatlllc.  S])cT-

tmsc.cq)ic  li])c ratios  h a v e  1-)CCII usd to dctcr]]li]]c  s]mctral ty]ms of doul)lc-li]]cd  l.)iI]arics

I)y IIomgaard  and ‘J’ri})icm ( 1 9 8 7 ) ;  tlI(’y IIave also I)ml] a])])licd  to tl)e })ml)lcl13  of clas-

sifying, ])re-ll]ai~l  scqueIIcc  stals  l)y IIasri aIId lkrtout  (1989) a]lcl l)aclgdt ( 1 9 9 1 , 1 9 9 4 a ) .

“J’llc l]]ct])od  involves  ol)taillil]r;  i4e111})clatllIC-seI  lsitil’elil)(’  ratios  for s])mtral  standards of

liIIOWII tcIII])eIalIIIc, fitting  tllerdatioll  I)ctwmul ‘J’,~~  a]ld tile ratios  via lillcall(,g,lcssiO1],

and t]lm) using  “t,]lis fit to dcknllinc  tcul]])m’aturcx of l’NIS stars  frc)ln t,]lcir  ]ilic ra{im.  ‘J’]Ic

,dc. tai]s of t,l]is II)Ctjl)Od  arc tllol ougllly  discussed ill l’adgctt  (1 991 ,1 994a). llowevcr,  fc:iy of

(llelillrratios  USW1 i]) tll(:sc])j(~~ic)lls  stlldim ~f’(’l(l))cils~llal)ltill  tl)e mscoflY134.  As tl]c

iwo coIII])oIIcIIt,s  ()]1.)it, t]l(>ir a])sorl)tiol]  ]illcs  lllov(:  j. 3 A ,  (ausi]]g collsic]ma])]c  l)](:ll(]i~l~
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aIId cc)]]fllsio])  iII liIIc> ide]]tificatiol]  flo]n IIigllt  10 ]]igl]t. Asa result. tlI(\ 1 A61{)9 101’(1

A62(I(I liIIc ])air JYas III( olIIJ’ C)IIC o f  tllc six uscx] ill l’adgetl  (1994a)  lvlIiclI  rcl])aillcd  II I(a-

Sllral)lc  011 1110s’[ IIigllts. ‘J’llc(’c]l]iv;llc]]t  Jf’idtl]sof \~ 1 A61!)9 alId l“c] A(i2(Jolv[]{]l](;lsl]]c(l

011 all S])cctl”a; IIovwvm, 011 solJ)cIligllts tlIc liIIc  l)diI lvtIslIot  iclr]ltjfi:il~ltfo] l. K)tlI cOl II]) O-

II(v Its due to Coll)fusion  witlI OIIICI al)soI])tjo  I]” features ZIII(l  aII ill-]  )lac(x]  dctw(or  flalv  OII tlIc

l’alolll al” S]m:tr?i. 'J1]lCt,Cll]l)cltltl  ll(c]c,teIll]i ll(,(lf()l  c()Ill])cjllcl]t A isa I~millovmtel]  IIip,]Ils

of ol)s(’I’\’at  ions;” t!ll(’ 011(’  fol’ (’olll])ollcl)t  1; is a six IIi$,llt aVCI’aF, C. ‘1’lledcl’il’c(]  tclll])(mltllrcs

a](’, for m]]q)cme]it  A: ‘J’tjj = ,!).5003” 130 K; aIId for coIII])mI(v It 11: ‘J),jj = 5350:1 3(K) K. As

tlIc errors iII tllmc l’alues iln])l~’,  tlIe liI1c ratio  of \T 1 J6199 to l{’e 1 ,A6200”  l’aricd cOl)sid -

mal.)ly  for coIII])ol  ImIt 1) frmn ]]igl]t to ]]igl]t. ‘J’IJCSC clIaIIgcs i]] a])]MIcIIl  kIII]K3atuIr  are

a])]m IrIIt Jly ]Iot correlated \vitll cl Ial Igcs ill IIIC rclatil’c strolgtl)s of tlIc (:]c)ss-(’c)]Iclatic)]l

])c?I]{s, a]t]lollg]l  {]IC SIIIa]] 11111111.)cI  of data ])oil)ts ]]]d]i~s dctcr]nj]ij]]g  aIIy ])attcr]]  djfficu]t.

Ncvcrt lIclms, it is ])ossiblc  tlIat  tllcsc two effects ll-Iay I)otl] l.)c a co] IscqucIIcc  of st,arspots

oII cOIII])o  IIcuIt  11, sillcx:  IImtra]  valladiuln  lillm arc cx]mcially  smlsitjivc b tem])cnaturc  aIId

are CIIII.311C.CX1 ill sulls])ot s]mira.
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\4”illI  0111  r(’ldt  iv(’ly  ])001 \’(’lo(’it j’ 1 Csolut  ;OII (  1 5  1<111  s-  1 ) ,  111(  al)sor])lioll”  sj)wt 111111

of- \4~l 34 ?I])])ca]’s  O n l y s]if!,  ]]t]), 1)] ’oa(l(ql(yl  Wit]l I’(’s])(’(’t to tllc tclll])lat(’ S]lwtl’11111. ‘J’llc

iI])])I[)Xi II I:If[> IIsi])?’ of t ]Ic \k’] 34 (x) II I]) OIIc  IIts w’as C)])tai  II(>(] ])y (’olll])d  I’ill  F, t]]c lH’\fi’ll M of

t]Ic \Yl 34 C] OS:;  -( OII(>]ziljC)II”  ])(:ah  w i t ] ]  a ~Iid of l’\1711 l’d d(’]’ivcd fI”OIll CI”OSS-COI’I’C]  21ti C)llS”

1)(’t\vu’]1  a  tclnl)liitc sj)cctrul]l alId tllc salllc tclll])latc l)roadclIcd  l)y a rolatio]la]  fu]]ctioll

(Grdj 1976).  11’c ol~tai],  , a lucsof18 :15 I; III s- ] for l)otll of tllc’ (“olll])ollcllts  of tl)c M’] 34

Sysklll. llsil)g  tlIc orl)ita] ]miod alId stc]lar r a d i i  d e r i v e d  i]] $kctio]l  l\7.2, wc fiIId {lIat

{11(’ Sj’]l C.11]’O]lOl]S  rolatio]]  l’at~ is al)OUt 25 lilIl  S-  ‘ . If tl]is systclII is tidally locked, lIIC

i]]cli]latiml  aIIglc i]]]])licd  l~y tlIc IJsilli  i s  46C’:1  ~~,.

1, ‘J’hc l}rc-main Seep ImCe  Nature of WI  34 A ant] IJ

‘J’IIcw arc scvcrzi]  factors wliicl) rcaf(ir~n  tlIc ])re-ll)aill SCCIUCIJCC  IIatuIe  of \!~l 34 A aI]d

11. ]“irst, its })ositioIl  iIJ (Ilic sky ])lacm it squarely ill tl]c Inic]st of t,l]e mtjrClIICJy  youIIg  O})CII

(’Ill sk!l’ N(; C 22!64 . ‘J’IIC })ro])m Il)otioll of  l!~l 34 is suflicicl]tly  close to tlIc l)ulk }JIo})cr

IImtioll of AT(JC  2264 I,l]at  Vasilwskis  ri cl. (1 965) assign  a W% ])robability  of of cluster

[Im]]lwsllil).  l“i]lally,  tlIc systc]nic radial vclw.ity  wc (ldmIniIIc  for \Vl 34 (25.8 3 1.0 l; III

:s- ‘ ) is i,, agrccII,cnt  witl, tl,c radial  vdocity  of t,l,c NGC 2264 c lus ter  (21  j. 5 kIn S-1 ;

l’crw  1 9 9 1 ) .  ‘1’IIIIIS  tl)c location  aIId kil)cl))atics  Of \4Tl  34 fiIIIIly  cst,ablisl] its IIlc]]]}.)crsl]i]) i]]

N(;(~ 2264. ‘J’llc agc of N(;<j 2264 IIas l)CWI dctcrIIIjIId  as 3 x 10[; yr l.)y t]lc Illai]l  SN]IICIICC

‘till’llOf~ of 011 S(211’S  (147~lliC1’  1 956); tllCI’Cf[)l’C, W] 34 is a InclIIbm Of a I’cry youIIg skllar

associatio~]  wit]) ollp,oillg  low II IaSS star forInatiOI1.

‘J’llc Colll})ollclltls”  of \Vl 34 dis])lay ])ll[)tc)l))ctllic  and s]x:ct,roscn])ic  [:llz(lactclistic.s  C.OII-I-

11101)  to l o w  II IaSS ])rell)ail)  S(Xj II CIIC(S slars. ‘lllIe ]Icutral litl]iu]l] rcso]Ia]Ice dOlll)lct ;It (;708

.A, a iclel,tifyi,]g  s],cctlal  fcal,lrt for all ]CJW IIJaSS I’IMS s t a r s , is {Iet(xtd  stml]gly  ill l)Otl I

lo-



Colll]mllcllt  s of \t~l 3 4 . ‘~’]1(’  ]it]lilllll  ;I])llll[]all(’(’  M’]li(’]]  ;S (l(’l’i\’(’(] fol”  t]](%(’  StaI’S  llSillF,  1]1($

(;708 A  lil I(s (l(Jg[N(l)i  J]= 4 . ( 1 )  i s  ai tll(’ 11])])(’r  (dg( of tlI( (’ll~rclo])(”  fo] litlliull)  valIIcs  ill

])1’(’-llldill  S(Y]ll(’l ICC S t  ?il’S (] ’:Id$@t  ] 9941);  hjd/,UZZU  (./ (//. 1 992; IIasri  (i {/1.  1 !)91 ). Al-

f] IOIIg]I  litl]illllt  d{q)letiol)  oc(’ul’s II1OIC S] OW]~ fO1 St dI’S of > ] .() f!~~, t ]):111  foI” ]OU’(’I’  111{1SS

stars  (Micllaud 199] ), Y, Ah4,S sta Is iIt )’OIIIIp, clust[m  ~vitll t lIc SaIIIC II IaSS as t]IC COIIII)O

II(JIItS  of \V134 gmIc Ially lIave a litl)iu Il] al)ulIdalIce  of lY(l,i) T 3.2 dm or lower. llo~~m’er.

al)ll  I)(l?lll  C.($ fOll Ild fOI’ \VCali-li  IIC ‘1’ ‘J1all  I”i St~l’S  lll~j’  l“~llg(’  fl”oll]  3.0 to > 4.() (I)adg(’tt,  ] 994});

h4ag11zzLl  (./ al. 1992;  IIasri (.{ 0 1 .  1991; Stroln  [./ 01, 1989). ‘J’llus,  t!lle stmlgtll  of tllc’

liillillll)lil]cill  lIIollI cc)ll-]])olleIltsc)f\3)134 sll])]Jc)ltJst  l)oilsta  (llsasext  lelllCIJ'yc)llll  F,c)l)jc:cts.

l“1ll’tllcl’ll)  ol’c, tlIc sJ)cc.truTII  of tlIe \17134  l)illary  dis])lays  110 alId calciul)] 1 1  aIId K

,(~ltlissioll  lillc:s  cllarackn.istic  of M’CZlli-li  I]C ‘1’ ‘1’auri stars. ‘J’lie  strOIgtll  of tile Ca 11 Clnissioll

Ii]lc: is siInilaI fc)r tlIC  tlITocoIII])OIIcIIts  aIIcl litilcl’zilial~  ility  i]) tlIc  li]lcs  lvasokn’c(l  ova

11 Cc)llscclltil’elligll{s. III c.olItIast,  lIIC strmlgtl) al]d structure of tile 110 mnissioI1  fmlurc

IC]Ia  IIgCS CIrall)at,ica]]y  OVCI t,]Ic SaIIIC ])criod  of tilllc, I~aryiIlg  froIIl  aII illvcrs~ ]’ (;J~g,Ili  ])lofi]~

(1’ig. 3, I.,otto,n) to  a ]Ju*c si?,glc  absor],tio]] (1’ig. 3, to])) cvclI  ,YIIC*I tl,c coIrI])oIlcIIts  aw

‘ti’cll-sc])al’il  t!ccl. ‘1’IIC II(Y Cquil’a]mlt  Ilidtl] l’aricx  froln 0.5 to 1 A; tl]c cc)lIcs])cjI]dillF;  IICI

llllll)il]c)sity  lc)g[l.lIIC,(  l, E))]= -3.4 istyl)icalc  )fmcakli  llc’1’’l’a~llistals  (\l~rl’’l’S)  suc.11 asl,k(;a

4  (Cabrit ct al. 1 990). ‘J’IIC relatively ljroacl  natlurc  of ilIC lil}c as well as the I’ariabilily

of  IIIC CIIII)NIC1(X:I  aljsorl)tiol)  fmtums s u g g e s t  tl)at 110 clIlissioll  ill tltmc stars IIIay IIot,  I)c

] )111”(’IJJ Clll’olllospllm’ic. ‘J’IIC l’h4S l)i I)ary 162814-2427 also sllo~vs cwidcIlcc of ~i’(:~li il]l’c:rsc

II) (;yglli  110 t,lnissio  I], M’l)ic.11  IIas l)KII illt(:r])retml as e~’idel]cc  for acmctiol]ary  ]) IOC,CSSCS

(h4atllicw  199’21)). of the! I{ I1OWI1 l’h4S  Sllc)lt-])m’iod  l)il)arim, o]lly }T4046 Sgr IIas a stmlIg

1110 Cll)issiol]  lillc, ]mssil)]y indicating  that close Lillaricx  tcvld to disru])tj tile illll{v aCCICtiOII

(li Sli wl)crc  tllc stIx)IIg  llc~ mnissiol] lil)m of classical ‘J’ ‘J)auri stars  is (]lollF,]lt  to origil)tltc

(h4atlliell  1 9921)). It is il]tcrmtil)g,  to IIOIC t ]lat t,lIe IIcal-illflarr(l  recess  (l(’ig;. 4; scc l)eloM)

of W] 34 is lIlorc ty])ical  of (:lassical ‘1’ ‘J’allri  stars  than  \Y’J1rJ’S.  III this J$’ay \Vl 34 is silllila I
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10 fll(’ l’h’ls S])(’(”l  l”os(:()])i(”  lli]lal”)’ AK S(() (AI I(](TS(’11  ( i (//. 1  !J8!I)  \Ylli(”ll  illS() lld S \V(’?lli

O])ti (al (’lllissioll  lines.

2. l’lacmlc’llt  ;IJ t!ll[’  111/  d i a g r a m

l113\Tl{l  ]JIIot(JIIIctI} of 11’134 is l)rmOIt(d  1)~ h’lmI(lc)za aIId (;oIIIeY,  ( 19S0). ‘J’IIc Ied-

(Iel)illg,  of \J7134  is sIIIall: }’ouIIg  (1 978) studied tlI[ distril)utioIl  of l;(li-1’)  ill N(~(; 2264

al)(l fil I(ls a l’aluc of l’j(l~-l~)=  0.08 for \!’] 34. ll~r IIave recalculated tile redclclIllIg using a

II Ical I s])rc.tlc)sc<:)])ic tcvll])cvature  of 545(1 K, alId {illd  a value of It(l]-\T)= ().2(). llsillp, this

Valll[!  k) [Icreddc’11  tllc’  ])hotolllc’tl’y  of Mcll[]oza  aI)[l GOIIW, mtra~)olatillg  illtc)  tllr illflarecl

using a 5450 K l)ladl)ody  IJorll)alizcd  to tlI(’ ])llotoll)etry at 1 l.)al Icl , alId using a distaliw

to N~J(; 2264 c)f 700 ])C (1’cldbruggc  alId I’alI GcIIdOrl  I 1991 ), Ivc clm;le aII aII illtcgratcxl

lul]lil)osity  o f  16.1 I,cl for tile systclII. ‘1’llis  lullli~iosity  IIlust l.)e collsidcmxl uIlceItaiI)  l.)y

25% du~ to tllc okrvcxl variability of \3’134 and tile lack of silllultallmus  ])lIotoIIIctIy.

‘J’IIc dmCddCIICd s]mctral OICrgy  distril)uticn)  of  W] 34 is dIOWII ill lpigu~c 4. ‘1’lIc c l e a r

Ilmr-illfrarcxl cxmss is lnal]y  tli IIm largm tllall  c.a II l)c accou  Iltwl for l)y stars]mts,  CVCII for

F)(I % su rfa (C Cc)vcragc. ‘J’llismcmsis lnorcty])ic.al of c.lassie.al ‘1’ ‘1’auri stars, aIId il)dicatm

[lIat WaIIIl dust, is pIWCIIt  witllil] 0.3 All of tl]c binary. ])ust graiI)s sl)lallo  tfllal]  1  111111

ill size are rclnovwl  frol)l t,llis  rcgiol) by l’oylltillg  -l{c)l.)cltsc)l)  drag  i]) oIIly 104 years; llC’W

IIlatmial IIIUSt tllcmfom  k c.ollstaI)tJy sul)l)licxl.  ‘1’hc rcxmvoir for this matcxia]  mu]d  N’c1l

IJC a cjrcu]))billary  disk. At lmst foul OtlICI sllort-]wio(]  I’NIS l)i])ari(:s also SIIOMF e~~idm)c.c

{:)fcilc~ll))stellal(  lisksi]l tllcirs])mtral  ellclgyclisilil)~ltic)Ils  (AK SW, \’4046 ~gr,  I(i2814-

2427, 1 62819-2423S; N!lat]lieu  1 9921)), al]d solnc slIou’ Cvidcl]c.c of an m’acllatcd  ccuItral l]o]c

III tllc dust, (Iistllil.)lltlic)ll. ‘JII)C cletcllllillatioll of tile diSli Structulw arouIld t]le \l~l 34 I)illary

u’il] reqllirc  additional  ]]{ ol)sm.l~at,iolls  to (:xt,ol(l  tlIC s])wt, ra] oImgy  distJril)utioIl to loIlger

Wavdcllgt 11s.

A((ordillg, to tll(’  ])re-lnail) S(YIUe IICC (~ol~ltiol);ily”  t racks of N’lazzitelli  (/ (//., s t e l l a r

- 1 2 -

.



lull]illmil~.  scalm as JJcxhlz(’ iII lIIC lrgio)l of tlI(~ 111/ (liag,  IaIII a])]Jro])I

tlIc IIIaSS ratio tlcimIl)iI]d  frol Il tlIc orl)it solution alId Illis lull)illosit~’

t]Iat CO III]mICIIl  A  sIIOUI(l 1)(’ 1 Z(ti 11101’~” lulllillous  tllall  (’(J) ll])Oll~llt  11.

il]dil.idual lulllillosilim a]-c’  Ij,I = 8.5 lJ@, and 1,})= 7.6 IJ(., .  ‘J’ll(x(’

mtiI}latm to I)(’ IIIadc acmrdillg  10 tlIe cquaiio)l 1,= 4mrr:jj R~ :

radii 1{~= 3 .2  + ()..5 I{c, liB= 3 .2  + 0 . 7 . \1711(SII  l)lacxd ill tlIc 111{

l)otl] mIII])OIIC  IIt S a])])cmr  Lelow tltc l.)irtl)lillc ill a re,!2,ioll l!’(:11-])()])lll;itccl  1))’ otlIm  II ImIIlmS

of N(; C 2264 (l’alla and Stalllcl’  1990; Stalllcr 1085).

l’roJ]) I]le]ociitio]l  of W134 ill t] Ic] ]]{ diagralli,  tlICIIIaSSa  IId age formcll  coIn]mIIc:IIt

cal I I)c mtilnatcxl v i a  coInparisoli will] ])rmlic. tcd ])relllaill  stx]uCIIcC  c~’c)lutiol)ary iracks

aIId isoc.llrollm. ‘I’lletIac.ksc)  fhlazzitclli  (19(W) p;ivcM~=  2.3hfl@,, h4B=-2.2hlc),  aIl(l agm

of 2 x 1 0 (; yrs. llowewr,  tlIc ullccrlail)iics  ill lulllil]osity  aIId ‘J’c~~ cx)lnl)illc {0 giw a IO%

ullcmtaillty  ill tlIC tl]cwrciiczi] II Iasscx and 106 yrs ill tlIc tlIcx)lcticxil  agcx. ‘J’lIc  tllcmretjic.  al

Inasscx iln])ly t)llat  W134’s orl)it is illclillcxl  I)y siIl ‘l(;~.16/h4~-t  h4}j)]/:3= 630:1 4 .

3. l’ossibility  of lklipses

i s  giva)  I.)y silnl)lc gcmlnetry:

asil]i 21.2
Ialli=  ------- =- ---

1{~ -1 1{}{ 6.4:1 1.2
(3)

l~ol” tllc!  ]Lal’zlllldm  of t!llc \’Vl 34  Syst!cll’1, Il]is lil]litillg  aIIglc i =- 73°+  3. If tlIe o r b i t a l

ill[lillatic)l)  illfcurcxl  frOIII tllc 1 ‘hl S tracks  is cc)rrcxt,  tile likdiliood  of obsmvable  cxli])scx  is

[!llcl’cfol’c Slllall.  1 IOwcv(’r> tllc ullccrtaillty  i]) tllc Il]eorctical  tI’~CliS  is suflicicl]t  to allow tllc

~)ossil)i]ity  of p,ray,illp, (’c]il)s(s. 1 ‘Ilotc)lllctly (lllrill~,  Yrro Vc]ocity sc])aratioll cvcv Its ill 1989

foul]d lIo (lill~ill’islllllel)t  of tlI(’ light froln this SySt CIII ;  llow(w’,  tllc!  ])lK)t!olllctI’y  Jt’as oIlly
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{11(’ (’(’li])w (1111’alio]l  M’ollld  1)(’ ?.j l)ours.  l“lll”t

4, lm])ortancc  for ‘.l’icla]  Circularizat ion

Iaill(’(1  lllall that ])1(’swlt(’d 11( ’1”(’. If C(’lltral.

I(’I II]ol)itolillg  of tllc  Sj’St(’IJ) is 11[’(’(1(’(1.

Models

‘JIIIC orl)ila] 070111iiolI  of (10s( I)il]ali(:s lIas r(wl)tlj’  1)(wI a to])i( of col)sjd(ral)l(  il)tmsl

to l)(Itl I tlI(s ol)s(ll’atjol)iil” alI(l  tl)(:owtical collllllllllitj(s. OIIC jlll]mrtallt  rcsu]t of ICC(II{

ol)s(:ll’at;c)ll?]l  s t u d i e s  lIas lWCII  tl)c discovcrj’  tliat co(~val  l)i]larics  i]] O]WII c l u s t e r s  lIaJ’(*

a cc.m]tricity  trallsitjoll  ]wriod  lwlo~v wlljcl]  tlIc l)illdrics  lIavc circular  orl)its  aII(l al)ove

Ivl)icll  tllcy lIaIe  lIIeasllral)le  eccc~l]tricitim. ‘J’llis tlallsitiolt  or ‘(cutoff) ]K!)’iod is [).7 days

for tile youlig l’leiadm, Col]la, IIyaclcx, zIIId l’lamc])e  c l u s t e r s  (MayoI aIId Mculllilliocl

1 984), but illcl’cases to IIIOrC tllal] 1 0  d a y s  ill tlIe CaSC of tlIC Inuc]l oldm M67 cluster

(Matl,;eu  ct al, 1988). ‘J’IIc ;]]crmse ill tl)c cutoff ],criod  witl) agc IIas l,CWII i]]tm],retcxl as

tlIC Iwsu]t of ticlal C;rcularizatioll  ]nocxssm wllicll slowly reduce tlIc cmm]tricjty  of billaIy

Oll)itls  cluril]g tll]cir II]aill  scqu OIce lifclill]c. A valict-y of tllcwlim ]Iave l)CCII ])IC}l)OSCCI  ~vllicll

])redict tlIcs IIlagllit,udc  of tidal cilclllaIiz;ltic)l)  cf~ects  during  tlIe lllaill sCqucmc( (XalIII 1966,

1977;  AIcxaIIdc:r  1973;  l,mar, \l~lIccIcr,  aIId MCKCC 1976;  IIut, 1 9 8 1 ;  ‘J’assou] 1988). ‘J)ll;s

illtcl])lctatic)l) IIas led 140 tlIC l)ro])osa] l)y Matllicu al]d NJazcl I (1  988) tl]at t,l Ie va]ue o f

tllc t)raIlsitjiollal ]mriod could  bc usm] as a ‘CCIOC.l<’>  to dctmI}iIlc  the agc c)f O])CII clustcm

once tile IIorlnalizat,iol]  of tlIC tidfil circ.~llalizat;oll  tilnmcalc  ;s undmstood.  llowe~w,  t w o

art)iclm l)y Y,al III (1 989) aI1d 7,al III aIIcl JIouclletl  (1 989) c.l IallcIIgc tlIc mltirc IIotio]l that  tidal

Cfl”cxis  lnaill]y  cI])cratc  ()]I tl)c lnai]l Seq UCIICC. ‘1’lIq~ ])ojllt out, that IIlost of tlI(:  ]) I()])osml

tidal  c.ilclll:llizat,ic)ll  ])roccssm arc InuclI  Inc)rc cfJ’cctivc  ill tlIc fully col)wctivc  OIvdo}xx  o f

})r(:-lnaill  scqIIcIIce  stars  aIId coIIclude  t,]lat, all l)jllarics  ( 0 . 3  flJG) < h4* < 1.25 Jffcl  ) Jlitll

])c:riods of 1(’ss tlIa IJ Cigl)t  (laj7s Ii’ill be circ.(llarized  l.)y tllc til])c tllcy reacl] tllc IIlaill  SUIUCIICC.

(~ol(lllIall  alId MazclI  (1992)  IIavc IH])OII(IH1 l)y qu(:stiolli]]g  tile a])]) lical)ilit,y of tl)( II]ixi])g

l(:llgtl)  tllcwry  US(XI l)y XalIII’s  III()(I(:Is. III a(l(litiol],  (xl)allsiol]  of tlIe c)l)s[lvzltic)l):ll  (latal)aw
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(“o] ]fir]))s t ]IC a IddiIIitc  i]](l’(’as(’  i]] cut Ofl’  ])(’1 iod 1)(’t li’(’(’1]  t ]1(’  )’(NIIl/,(:St  c]ust (’]’s aII(]  0 ] ( ] ( ’ 1 ”

Clust’cl’ and IIalo St’al”s (Mal’hi(’u  (/ 0/. 1 {)92). II OW’(’WI  . t]l(’ Slll)j(:(”t  I’UlldiIIS  (“OIlt  1’017CI”Si21].  ”

IJIOII-I aII c)l)scI\TiItic)  IIal staIIdlx)iIIt,  tlIc dct CIJIIiIIati  OII of t lIe tralls;t  ioIl ]miod for l)le-

lIIail  I scqu(v)ce  })il Iaric.s  of v a r i o u s  lIIasscs  lvill  l)roi’jdc  aII iIII]K)IhIIt  test for all t.l Ic llINmics

iII qucstioll.  ‘J’lIc c u t o f f ’  ])miod ]MJYC(l] circular  alId mcmIt ric orl); ts fo] I’MS st am de

tmIIi  IICS tlIC il]itial  c.oIIditio  IIs for l)]a;Il sw]ucIIcc orl)ita] CilClllaljYjatiC)lI.  Nla;]l sc:qucIIcc

l.)iIIaIicw  witlI circulfir  orbit  l)miods loIIgeI tlIalI tlIe I’MS cutoff arc m’idmIce  o f  lna;Il se

,quel Ic(: tjdal  cilclllalizatiol)  ])roc.cxsm. lkmIItlly, tl]e ticlal cilclllalizatic)Il  cutofl”  ]wiod fo]

a c.ocx’a]  grou]) of billarim  lIas km] defilld  as  tlIcs ]o]lgcst ])cu. iocl circular  orbit,, wllicll i s

gcl]mally, but, IIc)t always, 10IIF,CI  tllal) tllc sllortcxt  ]wriocl Cccmltric  orl)it (Matllicw ci al.

1 W?). III a rcc.mIt rmim’ of I>M S s]xctrosm])ic  bill a rim, hlatllicw  (1 992a)  sct tlIC ?)IW])OSMI

l’hJS tral)sitio~l  ])mic)cl  at 4.25 d a y s , tllc ])miocl of 01{1569’S Circular orbit,.  All solar-tylw

l’h4S l.)i~iarim wit]] lOIIgCI })mioc]s  liIIOWII at that tilne lIacl  lIlcmsuIal)lc  cxxclltriciiicx, ilI-

:.luclillg  1;1< CCp (I)miod 4.4 days; c = ().1 1 ) aIId 01{1429  (]mriod  7.46 days; c = 0.31).

‘1’lIc gal) iIl ]iI]o}\’]) l)h4S biIlary ])cniods hc>tu’tmi 4.4 aIld 7.46 days ]Ias CICatCC]  cm~lsidcral)]e

‘ul]cm~ail]ty iII the va]uc of t]IC l)h4S cutoff.  ‘J1]IC raIIgC of ])ossih]c! cutoff va]ucx ]Ias mllsid-

cHal)lc illl]mrtal]m  ill distjillgmisllillg betwcxn]  tl]c IImdcls of tidal  Cirmlarizatlioll  operating,

:~)rilllari]y  durirlg  tllc ])rc-lnai)]  sequclIcc  ( i . e . ZalIII  and  lkmc}Ict  1989) wlljdl argue  f o r

(~llt,(~f~  ])~yjoc]  o f  7-8 c]ays aljc]  i]lcorjcs  w}lic]l  mI1])llasizc  tidal  Cvc)lutiol]  during  tllc IIlaill

ISCqLICIICe  (i. (:. hflatl)icw (./ al. 1 9 9 2 )  v’]lidl favor s]lortm l’h4S cut,ofl’s.

‘J’I)c  discovwy  of tllc W] 34 I)il)ary fills this illl]mrtallt  ga]) i]] tlIc ])cIiocl/ccccI1tlicitj’

l:listril)utiol)  of l’hl S l.)illarim. \lll 34’s  orl.)ii lIas tile lollgmt ])miod cilcular  orbit  allmllg

CICMC l’h4S l)illarim;  tlIus, i{ suggests a IICW valuc of 6.35 clays for tlIC ])ren)ail]  sequmIcc

star tidal cilc~ll?tliz?ltfiol}  ])miod. ‘ill IC classical ‘J’ ‘1’auri star (;\lT ori is a sillgle-lillml  l)illaly

wit]l a ])wiod of 243 days aII(l  ecmlltricify  of ().()43 ().()6 (h!latllim, AdaII Is, tllld ]At]l?lll]
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]] OWVU,  tl)crc  arc a IIUIII1)CI  of ]) IO1)]CIIM wit] I usiIIg tlIc }471 3 4  bjllary as tlIC culofi’

I)miod ]wilIt for solal-tlypc })MS stars. ‘1’lic dyl)al]lic.al lIIassm ill]])lied for t h i s  systel)l

l)l’ol.)al)lyc xccc(l  2M~, fol’cacllc  oll”ll)ollcIlt!.” l)cxl)itle tl)eir relatively late s])mlral  ty]m, tlIe

“\Y134 st;ilsal  e(:lc)scltlc)i  lllclllle(liat(:  Illassfll  al] lc)lv I1-]ass stals,al lc]alc:c.o  IlsiclcIal)lylllolc

lIlassivetjllall tlIIc stars lnodcllcd  by 7jallli  and lbuc.l  Ic4 (1989). ‘1’1)0s(: mc~clels  slIolv a trc]I(l

A I I additiol)a]  cc)ll)])licatic)ll  is tlic mli])sillg  l)illar~  systmll  1;1{  (~e]),  wllicl) lIas a II-IM-

sIIIal)lc ccmlltricit,y of 0.11 ill its 4.4 day ])miod orl)it, (rJ1oll)ki  Il 1983). As a ])rcsu IIIcd l)h4S

l)i]lavj  wit]) an cmcIItric orl)it, l)avil)g;  a S11OTYC:T  ])miod t,lIaII tllc l)h4S cutoff of 6.35 daJTs set

l)y }V] 34, this systell)  is iln])ortal]t  i]] ddillil)g tile Jvidtll of tllc tjrallsitiolla]  ])eriod r[’gioll

f’allsm]  I)y tlIc I disfril)ut,ioIl  of iltit,  ial Ccc(vltricil its. ‘IIIIC ])relllaill  s{queIIcc statIIs  of ICli

{h’]) ] ] is suggml,ed  by a ~’ariet,y  of ])]lotoll]et,ric  al](] s])(ctloscol)i(” c~’idmlce.  1 ‘o])]x:I  ( ] 9S7)
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]Ias (’011 (’111( 1( ’(1 Illlat  III(’  A I ])l”illlal’)’  (1. ] M: ) ill this Sj’st  (’111  is tl])])l’oxiIll:lt  (’lJ” zcl”()-a~,(’

IIlai]l  Scqll(’ll  cc, ~YIIilc’ tlIc sNOIIda Iy is 1 .1? M,: lvitl I t(’III])(~I;ItIlle  alId IIll]liltosity  lrl)ic.11

])lac(’ it slightly til)(~l’c  llIc IIlail)  sequc’l  IcC (age ~-3x]07  \’(aM  011 t]IC tracks  of N’!azy, itcl]i

(1{)89 )). A(lcliti(-~l,;  ll(~i(lf:llc(fc)J  tll(s(c()ll  claIy's)()llll]  isitsl;ll~,(  I~lclillsaIi  clslll,sc(  lll(l)tl~

lo~v s u r f a c e  ?,ravity  ill coIII]mr~soII  10 sill]ilal IIlaill  srqumIcc stars. I’O])])CI also used tllc

l)ICSCIICC  of a ])lIC)tC)II-IC>tIiC excx:ss  iII tlIe }Jluc to justifj’ l)is c.lassificatiol)  of tlIe sc,coIIdary

as a ljrelnaill  sc>qucIIce  star; IIowmer, CUrICIIt tlIcwIy lilll<s tlIc I)ICSCIICC  ofl)luc aIId lJ\’

,CXC.C,SSCS  ill ])~flf;  S{, aIS I.o t,]Ic ]) IuwlIcc  of acc.rctioll  d i s k s , Wllicll  is l)igl]lJ’  ulIlikcly  iII ltli

(k]) clue to its lack of redclcI1i]]g alId tl)c alxm]c.c!of s]jmtral  sigIlaturm  of disk accmtiol].

(ll](!of  illc III(N. rc.lial)lc s]wctra] illdimtors  of stlella] youllI is tlIC])rmm ICC ofa sfIoIIg lji

I (i70S A a].)sorlltiol). l’rm’ious  studies of litl)iulll  al)uIIdaIIcm i]] ])IeIIlaiIl smlueIIc.c solal-

“lyl)c:s  talsl)a ~’efc)llllcl stlc)IiglitllilllI)  lcsc)litlllc(li  licsfc)ltill  starsofty]w  (;0- K5 (1’adgctt

19941)). ‘J’lle])lCsCllC  Cc)ftlle6708  A fcatllleiscc)Ilsiclc:lecl  tol)calI iclclltifyil)gl’  h4Sfcatf~lIr,

m])cx.ia]]y  for t]IC Weak-]i]lcc] st, aIs wi{, ]lout ])rolnil)cnlt clnissioI]  ]incs. h4alt,iI}  allc]  ]{c~Jo]o

(1993)  lIave lncasurm] a  strolIg litlliu]n ImolIalIc.c lil]e ill II;l< C)cq) 11 aIlcl  ]Ias dmivecl  a\

litlltiuln almlldallce  of log N(l,i)  = 3.1 for this star, wllic]l is silnilar  to va]um fou IId ill

for {IIC yOU]IgCS114 lI)ai  Il Sc’quc!ll [c’ ( “ l u s h  Stal”s. IJ(’s])itc 1’;1{ Cepl)ci’s lack of ])ositiolla]  o r

liillclllatic assoc. iat,joI] wit]) a  stal-forlnil]g  cloud 01 youlIg Cluster (1’o])])cr  1987), ])rmOlt

cvidcl]c.r sIIggcxLs  that l{;l’( Cc]) I) ;s il)dcxxl  aII ‘(older” ])re-lnaill SM]UCIICC star close to tile

IIlaill  SCC]lICIICX!. If 1;1< Ccq)’s l’MS idmltificatioll i s  corrcx.t, tl]c sigllifical]cc  of its cJli})ti-

cdl orbit IIavil]g  a, slIoIkn’  ])miod  tliall  \!7134 IIlay reflcxtl a lligll  initial Ccc.m)tricitly  o r  tile

])rmcIIce o f  al) as yet ulldetcxt,(xl  tlllird stal iIl tllc systmn. Altmllali~ely,  tllc large diflm-

C>IIC.C ;]] lIIass l)c’[wcml tllc])IilllaIy alId smx)lIdaIy,  al]d sul~scqucllt  difrmellcm ill ])relllaill

S(:(lIICIIC.C  ]]ist,~l.y,  ll~ay ]I~\7c iI){]llcl)cc(] tlIC ticlal molutioll  of (Illis S~St)Cll”l  (Matlllicu  Cf U1.

1992). l'illtlll~~,t  llclClat)il~(:l}  ~laIp,cIlla  ssc)ftllclll<  (;r])])rilll;lly,asl~~cll  astllccolll])c)]]ellts

o f  \V134,  IIIay il)dicatle  that, t,llme systmlls ar(! IIot sul)j(x”tj to tllc clear t idal CIltofl  ])miod

se(’11 i]] fIIll~’  collvcctiv(:  10V’-II-Ia SS stars; a ]arge ov(’r]a]) iIl slIort-])Criod ecmltric  oll)it)s  aII(l
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IOll$?,-]m’io(l  (“ i i ’ ( l l la l ’  Oll)it!s  is ])1’(’SC’llt  al~loll$,  tllc’  lllaill  Scqucllcc Stal’S  Of ty])c  ,1 and (Oallicr

(MatllIc~vs  aIId  Malllicu  1992).

v .  Collclusiolls

(1 )  \Vl 34 is a doul)le-liIlcd  s})cct]mco])ic l)illaly Ivitll a Circulal  orl)it aIIcl ,3 ])criod o f

6.353 clays.

( 2 )  YI’134 is ll,)c~l)cstic,llal,l~  a ],re]))aill Scqllcvlc,c!  Syst!ell’1 of age < 3 x 1 ()(; J’I’s, as

illldicat<w]  l)y its ll-]cll-ll.)c.Islti])  iIl AT(JC 2264, locatiol]  ill tjl IC 1 1 1 {  diagraln,  IIig,l] litlliull)

al)u IIcla IIce log[N(l  Ji )]= 4.(), 110 cullissio]l, aIId llear-itlfIared  cxccws. ‘ill IC staI’s  eInissioll

lillc ~)m})cuticx  arc ty])ic.al  of Ircmk lillc ‘1’ ‘ ‘-J duri st am, Jv}Icmms  its ol)scm’m] Ilf:ziI-iIlflaIc:cl

(IXCCSS is II IOre t~’]jical  of classical ‘1’ ‘J’auri stars.

(3) \Vl  34 IIas tl)c  lo* Igcst  ]mriod  of aIIy *,rcmai*,  scqum,cc s]wctmsc.epic bi,,ary  }vitl,

a well-cletcll))il]tncl Cirr.ular c)rbitj. Its 6 . 3 5 3  day pmioc] constrains  tlIc transition  ])wic)d

l)c:tucmI eccwIItIicaIId c.i]c~]la]c)l l)itsfc)r  ])relrlaiIl srqucvIcCs  tars wit]] lnassmc)f  2 AJo).

(4) l“urtlIcI  studicx of W] 34 aIC IICXCICC1. ‘J1lICISyStmII sl)ould bclnol]itorcc]  for]) ossiblc:

c’c]i])sm,  as CUIIWIIL cstilnatcx  fc)r t]IC i~lc]il)at,io])  aII~;lc  aIIc] st,c:llar  radii iIldimt,c  t}lat t]IC

S}TSf,CIII  gCX)IINl,IVf  ]iCS IICYIT tl]e tlImlIold  for olxcmab]e  mli]xxx. 1“111’tllcrlllol’e,  t,llc  lalgc

Irdoc.ity a]]]l)litudc  a]]d sl)ort ])criod o f  t,l)e \i7134 I)illarj’ i]li])ly  tl)fit tlIC l.)mt c.c)rrdatio]]

s])wt,rosc.o])y  {Icdl]liqucx slIc)uld Lc al)lc k) dctcv]ni]]e  tlie orl)it  tc) very  l]igl]  amuracy.



{lSS;Stilll(’(’.  Jill] Nfl(”(;al’tllJ’  liill(ll~” ])l’ol”i(l(s(l  S])(>(’t I’a of llJ134 0 1 1  t i l l ’ (> C  Iii~llt S. \! ’(’ Ill;lllli

lial’(’11  S1’1’olll  and IJyl)llc’  IIill(”lll)rall(]  fol ])l’()\’i(lillg fllci I’11(’211-illfl’aI”ccl J)hoto Il)drj”  ])riol” to

])ul)]i~dtiol].  Sl,ev(’ St IoIIl, alId SuzalI ] ’ k l w ’ a i d s  gave  IIcl])ful  sll!,gcstions.  ‘j’] IalIks aw (III(

to l):il’c ‘J’lIOICII  fo] ~)liotc)])-]ct]jc  ol.)smvatjolls  o f  W7134  at a zoo laclial  v(:locil~-  CIossiIIg.

\])C arc IIIOSI  grateful  to ]k)b J’latlIicu for vcrj uscfu]  discllssjol)s  aIId CCJII-ITIICIItS  0 1 1  tlI(’

lfCXt.  hflllc’11  O f  t“l]is  1$’01’1< W’tlS d(JIl(’  Jvl)ilctjllc  ~Utll(JIS  JYCICj)OStdoCtC)l’dl”  ICS(:alcli  assocjatcs

i]] llIe 1{’ivc Collcr;c AstmIIo IIIy l)c])a ItIIIe IIt, lllli~usiiy  o f  L(lassac.llusctts,  AIIIIIcIst.  KS

;I(:l{I  IoiYl[:(lg(:s  su])])ort, fro]]] t,li(:  NASA 01.igjI]s  of ,Sola I SystCIIIs  l{csmIc  .11 l)rOgIaI II



11’(.f(  1’( 1/ (“( <v

.A(to ]], (:. 11. 1!390, iII “rJ1lIP S1’1(’1~  (k MI((q)t: A]l A])]) roa(’1) to l’1’m’idil)~,  (;(’-
()]]] (t]; ( aII(l OtlIm  A]](illa]j’  II) for] l]at io]) N(’c(I(scI for l])lm]n(~taf io]] o f
l)at,a II CIUIIIC(I  fro]t}  S]MCC S(ic])(c l]]st]l]]]][]lts”,  AIA.4  l’a]m 90-508:  ~-”
(’1’, l’Iof-wdiIIp,s  of tlIc  A1.h A/NASA  SNOIId ll]tc’rIlatioI)al  S~’Il]]miulll
011 S])acc,  II)fonl)atioll ,SJJstc’IIIs.  AI A.A, \Vasl]iI18tol]  1 ).(;..
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l’iguw  c~a])tiOllS

l“igllrc  1. l’llas(’ ])lots of tllc’ Orbit of \?’134. ‘] ’]1(’ 11])] )( ’1’ ]MIIC] S] IOM’S t ]IC OIHCI”I’C(]  S(’J)&

]“titkll \’C’]OCity  (\~,$  = \“}J  - \TA ) da~’a  ])oillts ]J]~{{’(’d ;i~,~i]is(  t]]~’ ()]’bit so]lltio]i (so]; d ]il~~).

Zmo ])lIasc occurs at ‘J’o (s(’c ‘J’aljlc  ‘2). ‘J’lIe loMwr ])aIICl slIolvs tlIe IIcliocc]]tric  ladial  I’eloc-

i{~’ data for tl)c iIIdi~’idual COIIIIX)IICIItS  (A: find ciIrlcs,  11: OIWII CiICICS) aIId tlIc individual

orl)it  soltlliol)s.  ‘1’l)e daslICd  lillc lndrks  tlIe systclllic  velmit)’ of tllc l)illarj-.

F’igure  2. ]{atio of llIe arm uIIdm tlIc clc)ss-(c)lIclatioll  function  (Com])m)m)i A /COIII])c)]ItIIt~

‘1]) versus orl)itla 1 ])} Iasc.

:1{’igure  3. 110 mnissio]l ill tlic s]~mtrulII  of \lTl 34 OII five C.ol)scxutivc  Iliglits  at l,as CaIn-

])allas. \4JaVClmIgt11S  Corrm])olldillg  to t,lI[’ illdividua] WII-I])OIICIIt  vdoc.itics C)II tlIcse  l)igllt,s

am illclicakd;  tllc lnicldl~ s])cxtIwIn is a z,cno vc]oc.ity  evcl It. “J’IIC l’mtiml  liI]e IIlarks tlic

IY!st! Velocity of t!hc! Systfm.

l“igure4.  S])cclJral  cllclgyc listlil.  jlltic)Ilc)f\3’  134  ill tl]e~’isil)leal)d  IIcar-illfrarccl.  ‘J’l)c solid

curve is a 5450 K blac,kbody  IImnalizml  to t,lIc stlcllar ])} IOtlOInCtry  at 1 })allcl.

22-
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TABLE 1

Heliocentric Radial VeIocity  Observations of W134

244746S.95
1 2447469.02

2447469.8S
2447470.01
2447517.77
2447.531.82
24~~.j3~.gg
2447.546.S3
2447.54S.S4
2447.551.87
244’7579.57
2447.jg9.3j

2447.581..59
24475S3..5.5
~447.5~4.5,j

2447585.5.5
244~SS6.,j.j
~44j5~7.55

0.376
0.511
0.332
0.049
0.260
O.zm
0.624
0.940
0.417
0.792
n c)?l..”G..
0.094
0.403
0.+561
0.718
o.~ys
0.032

121.0+  2.9
168.353.1
163.0+  4.1

-164..5+ 6.0
0.0+1.5.0
37.254.6

11s.9+7.0
-1.37.1=  3.4
14.5.7+  7.0
-42.3+ 4.0

-1.53.S&2.3
-137.l&6.3
138.6& 3.2
1.53.9+  6.6

32.0+  3.6
-120. s+5.0
-164. ~+2.s

0.7 ~ -36.2+ 2.1 I -3.2 s4.s&2.4 -1.9 c
- 0 . 1 -.59.452.0 -2.s 10 S.%2.8 -2.2 c
- 2 . 3 -q56.S&l.4 ‘ -1.7 106.2+  4.1 -.3.3 c
-3.9

-11.0
-2.3
-1.4
-0.4
-0..5
1.5

-Qrlg

3.0
0.0

.

9 3 . 2 2 3 . 5 -1.2 i -43.9& 3.4
-40.4+ 2.2 1.6 gs.2J_2.7

-Z.’i -46.’i&4..i 4.1 107.2+ 5.0
-1.s 16.3h2.7 7.1 4S.3&Z.S
-1..5 S2.4=3.3 -1.7 / -3s.4+4.0
1.1 107.6+ 2.6 1 . 0 -.36..5&l.7

1.3 c
2.2 c
2.1. c
.5.3 CD

-3.s  c
1.4 c

24475S8..55 : 0 . 1 s 9 -67.0+3.S  ~ - 4 . 3 56.3+3.1 ~ -0.2 -3.752.5 2.3/ ~
24475S9.55 ! 0.347 1 96.5+ 1.4 ~ -0.2 ~ -17.9&l.4 3.5 : ?s.~~1.q 3.9 c

KeytoS’otes. C: Velocities derived from correlations ofseveral  echelleorders.  L: Separationve  locit~-(lc ri~-cdfro I~~a~-rragc

of individual Iine center velocities. CD:  Same as C with deblending of the correlation peaks. The  zero scpa.ra.tion cla+a. p(in+

w-as  not used in fitting  the orbit.



TA131,1~  2

Orbilal  }’;]  C!l”l-J(’lltS  of  w134

1’ (days)
asilli (l{@, )
‘1’() (J]))
1~/1 (1<113  s- ] )
\),l,~~.l  (Ii]]] S-1 )
MA /hJ})
(i14J + M~,)sil,:ii  (MC, )
‘1’}?; .—. —-.

(i.xlji 2 0 . ( 1 0 1 ” 2
21.23  0.2
2447472.9s5 :1 0.008
167.() :{ 1.’7
~:).~ ~j ] .()
1.04 3 0.()’2
3.16:1 0.10
1.589, 4.7(i4

~ok!: ‘] ’c, i s  dcfil]d  aS t.]Ic iiIJIC W’]ICII  S(iiI’ A  ])ilSS[!S

t]ll’OIJg]l  tlIC iaIIgC!II{ ])la IIc of t]}(: S]i~ aS it 11101’CS  (OM’al’C]

t,l)c olxmvm.  VA i s  tlIcI  sc:]mratiol]  vdwity  aln])lituc]c

and VMF134 is tlIe IIdiocmltric.  laclial  vdocity  of tl~c bi-

JIal’yo ‘l”llc ‘l’},; are (IIC ])rdjdcd  till)m  (j]] days siIlcc ~’[, )

W]ICJI slkII’ A,]] would  cx]i]m  ilIc (J~]l (T.



‘l’AllI,I’;  2

1 ’  ((lzqi) -(;:j,j:jj-”j  (). J()]~– -
asi]li  (}iEj) 21.2+  ( ) . 2
‘4’0 (J])) 2447472 .91M:I  (1.()(18
VA (101) s - ’ ) 16;.()  :1 1:7
v,,,:,~ (1{111 s-’) 25.8:1  1.()
MA /M}j 1.04 :1 0.02
(MA -1 MB)sill”i (h!l@) 3.16:1 ().1()
‘J ‘3 1.589, 4.764

Notjc: ‘J’[, i s  dcfil]ed as t,lIc till)c  ~vlIcqI staI A  ]msscx

through t]lCtdllF;CIlt]  )]aIIC()f  t]l(:Sk~a  Sitlll()  l7CSt()lVaI(]

t!llc Olxcrvc!r. \7A i s  ~]1(> s(~])~lI’a~joll  l’c!]()~jty alll])]jtUd(!

and  VW134 k tltc lIclioccIItric  racljal  vclocjty of tlIC bi -

IIary. ‘J’IIC’J’l;  tl~ctl]c]J lccljctcdtjII  ]{:s(iIJ  day SSiIICCrJ’O)

WIIC:II st,aI A,]] would  cdipsc  tl]c  otllm.



l’al’alll(icl’  “- A “-”-.
‘I’cjj (K) 55103  130
I/* (1{{, ) 3.2:1 ().5
IJ* (lJ@,  ) 8.5
M. (tll(’ol”y)  (MC)) 2.3
Age (y]) ~~]()~
W(,~[,~ (II”IA) 197:1 30
Wmm (ml”) (1A) 37()
lc)g[N(lJi)] 4.1 j 0.4

Nok: h4, (tlImIv) is tl]c Inass iIIdicatcd I)y tlIc ])rc-Inaj])

scqllmlcc  t,rac.ks of L4azz; t,clli  (1 9S9) wlIm I tlllc mm])o-

IlcIIts of W134 a]”c ])loticxl C)II  tl]c 111{ diagra]n.  ‘J’IIc age

of tlIC uJm])olIclIts  is also ddmInilld  froln  tlIcxc tracks.

\4rG70S (C.err) is tlIc C.quivalcljt  widtl~ of tllc lit,lliull] rm-

01 I all m d oub]ct mmxkd  for c: ffccts of t}IC ovcrla])]  );I}g

Co?n]mlcvlt!  mllt!i  Ilua.


